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ABSTRACT 



An electrophotographic photoreceptor comprising a 
conductive substrate, a photoconductive layer formed 
on the substrate, and a surface layer formed on the 
photoconductive layer, wherein the surface layer com- 
prises a polymer mainly composed of a siloxane bond 
and an imide bond. The photoreceptor has small dark 
decay and excellent mechanical strength and causes no 
image blurring under high humidity conditions and 
therefore can be used in a general electrophotographic 
process. When used in a laser printer using a coherent 
light source, the photoreceptor produces high quality 
images free from a Moire fringe. 

9 Claims, 1 Drawing Sheet 
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Further, amorphous silicon formed by plasma CVD, 

PHOTORECEPTOR WITH POLYMER though having high surface hardness, is less resistant 

OVERLAYER HAVIN G SILO XANE AND IMIDE against impact and is broken more easily than a selenium 

MOIETIES photoconductive layer or an organic photoreceptor. 

5 Therefore, a photoreceptor mainly composed of amor- 

FIELD OF THE INVENTION phous silicon is likely to suffer from scratches on 

The present invention relates to an electrophoto- contact with a paper stripping click, etc., and the 

graphic photoreceptor and, more particularly to an scratches develop white spots or black spots on repro- 

electrophotographic photoreceptor comprising an duced images. 

amorphous silicon used as a photosensitive layer. Furthermore, an amorphous silicon photoreceptor 

_ A/M// , nrtT ^ *y*t T*^ ^ ^^,^ T generally has many hemispherical defects of 1 to 30 /nn 

BACKGROUND OF THE INVENTION ? diam ^ T on its s Uice. On rcpeatcd ^ electrical or 

Amorphous silicon (hydrogenated amorphous sili- mechanical destruction occurs at the film defects caus- 
con) is a recently developed material for making a pho- ing white spots or black spots to develop on reproduced 
to sensitive layer of an electrophotographic photorecep- images. 

tor, and various improvements have been attained. A Tv _„ x _ T __ T 
photoreceptor using amorphous silicon is usually pre- SUMMARY OF THE INVENTION 

pared by forming an amorphous silicon film on a con- An object of the present invention is to eliminate the 
ductive substrate by glow discharge decomposition of 20 above-described disadvantages associated with an 
silane gas (SirU). The thus formed amorphous silicon amorphous silicon photoreceptor, 
film contains a hydrogen atom and exhibits satisfactory Another object of the present invention is to provide 
photoconductivity. The amorphous silicon photorecep- an electrophotographic photoreceptor having a small 
tor exhibits various advantages, such as excellent wear dark decay. 

resistance due to the high surface hardness of the photo- 2J a further object of the present invention is to provide 
sensitive layer, high heat resistance, electrical stability, an electrophotographic photoreceptor which is excel- 
broad spectral sensitivity, and high photosensitivity, i en t in mechanical strength and causes no image defects, 
which are ideal properties needed for an electrophoto- A still further object of the present invention is to 
graphic photoreceptor. provide an electrophotographic photoreceptor which 

Notwithstanding these exceUent properties, an amor- 30 causes no blur under high humidity conditions and is 
phous silicon photoreceptor undergoes a large dark applicable to a general electrophotographic process, 
decay due to its relatively low dark resistance. This A stiU furt her object of the present invention is to 
leads to a disadvantage in that a sufficient potential provide ^ electrophotographic photoreceptor which 
cannot be obtained on charging. That is, when a ovides an ^ free from a Mok6 frin cven on a 
charged amorphous silicon photoreceptor is imagewise 35 laser ^ usin ft ^ ^ 

exposed to light to form an electrostatic latent image ^ a result of extensive mvestigationS( the mventors 
ana men trie la ent image is developed, Uie surface po- of the nt mvention ^ found that when 

an amor- 

tential of the photoreceptor decays by the tone of the hous fllm ^ ^ sm<xa> ^ ogtn , ^ 

exposure, or the charges on the non-exposed area also ^ fonned by p^cVD is present on the surface 
S J ^ e l ° *f ^velopmem, resulUng in a w of hot it h more to oxidation 

fadure of keep die potent^ necessary for development h ^ substances although it is ttennally and me- 

The potential decay is dependent on envjromnental ^ ^ 8 * 0 ™ 

conditions and becomes conspicuous particularly under * ^ *». oun»* 

high temperature and high humidity conditions. Be- fllm * ™" acttve than an organic or inorganic high 
sides, the initial surface potential attained gradually 45 P° lvmenc ^ with respect to adsorption of moisture 
decreases on repeated use. Such an electrophotographic or corotron products. It has also been found that de- 
photoreceptor undergoing great dark decay only pro- at film defects, which has been considered 

duces copies having a low image density and poor re- decis,ve the llfe of an amorphous silicon photorecep- 
producibility of halftone. tor ' Prevented by scattering the ionic stream 

In order to overcome this problem, it has been pro- 50 fro , m a <*f otron t0 avoid concentration on the film 
posed to form a charge blocking layer (charge injection defects - ^ P rcsc . nt Mvention has been completed 
preventing layer) comprising amorphous silicon car- based on these findings. 

bide, amorphous silicon nitride, amorphous silicon ox- ^ Present invention provides an electrophoto- 
ide, etc. by plasma CVD (chemical vapor deposition) graphic photoreceptor comprising a conductive sub- 
on the amorphous silicon photoconductive layer. The 55 strate, a photoconductive layer formed on the substrate, 
charge blocking layer also serves as a surface protective and a surface layer formed on the photoconductive 
layer. layer, the surface layer comprising a polymer mainly 

However, an amorphous silicon photoreceptor hav- composed of a siloxane bond and an imide bond, 
ing such a surface layer causes image smearing or blur 1° a preferred embodiment, the photoconductive 
on repeated use, particularly under high humidity con- 60 kyer k mainly composed of amorphous silicon contain- 
ditions, and it cannot be used in an ordinary electropho- m & a hydrogen atom and/or a halogen atom. . 
tographic process. The electrophotographic photoreceptor according to 

JP-A-2-1 11962 (the term "JP-A" as used herein the present invention has improved chemical stability, 
means an "unexamined published Japanese patent appli- improved mechanical strength, and improved electrical 
cation") teaches formation of a surface protective and 65 stability while maintaining the characteristics of con- 
lubricating layer mainly composed of an organic binder ventional photoreceptors. Additionally, the photore- 
resin, but the proposed surface layer is too thin (10 to ceptor of the present invention does not cause image 
300 nm) for practical use. defects even in using coherent light. 
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BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

FIGS. 1A, IB and 1C show a schematic cross section 
of the electrophotographic photoreceptors according to 5 
the present invention. 

FIG. 2 is an infrared absorption spectrum of the sur- 
face layer of the electrophotographic photoreceptor 
according to the present invention. 

DETAILED DESCRIPTION OF THE 10 
INVENTION 

The electrophotographic photoreceptor of the pres- 
ent invention may have any of the layer structures 
shown in FIG. 1. FIG. depicts an embodiment of 15 
a typical layer structure comprising conductive sub- 
strate 4, photoconductive layer 3, and surface layer 1 
made of a polymer mainly composed of a siloxane bond 
and an imide bond. In other embodiments shown in 
FIGS. l-(b) and (c), intermediate layer 2 or intermediate 20 
layers 2 and 5 for adhesion improvement or for charge 
blocking are provided between photoconductive layer 
3 and surface layer 1 or between photoconductive layer 
3 and surface layer 1 and between photoconductive 
layer 3 and conductive substrate 4. 25 

The conductive substrate which can be used in the 
present invention may be made of a conductive mate- 
rial, such as metals ( e.g., aluminum, stainless steel, 
nickel, chromium) or alloys thereof, and intermetallic 
compounds (e.g., In203, Sn02, Cul, C1O2); or an insu- 30 
lating material, such as synthetic resins (e.g., polyester, 
polyethylene, polycarbonate, polystyrene, polyamide, 
polyimide), glass, and ceramics. In using an insulating 
material, the surface thereof, at least on the side on 
which a photoconductive layer or an intermediate layer 35 
is to be laminated, must be rendered electrically con- 
ductive by, for example, depositing the above-described 
metal or, in addition, gold, silver, copper, etc. by vac- 
uum evaporation, sputtering, or ionic plating. 

Irradiation of an electromagnetic wave may be con- 40 
ducted either from the side of a conductive substrate or 
from the opposite side. In the former case, the conduc- 
tive substrate must be made of a material capable of 
transmitting an electromagnetic wave. For example, a 
substrate with a metal deposit should have the deposit 45 
thickness controlled so as to transmit an electromag- 
netic wave. A transparent conductive film made, e.g., of 
indium-tin oxide, may also be utilized. 

The conductive substrate may have any shape, e.g., a 
cylindrical shape or an endless belt shape. 50 

The photoconductive layer which can be used in the 
present invention includes an organic photoconductive 
layer comprising a binder resin (e.g., polyester, polycar- 
bonate, polystyrene) having dispersed therein a charge 
generating material, such as chalcogenide compounds 55 
(e.g., Se, SeTe, SeAs), phthalocyanine compounds, azo 
compounds, and squarylium compounds, and a charge 
transporting material, such as pyrazoline compounds 
and triphenylamine compounds; and an inorganic pho- 
toconductive layer mainly comprising amorphous sili- 60 
con. The amorphous silicon photoconductive layer, 
particularly a layer comprising amorphous silicon con- 
taining a hydrogen atom and/or a halogen atom, is 
preferred in view of the greater effects exerted by the 
surface layer according to the present invention. 65 

The photoconductive layer may have a single layer 
structure or a laminate structure comprising a charge 
generating layer and a charge transporting layer. 



609 

4 

The present invention will hereinafter be described in 
detail by referring to the embodiments in which the 
photoconductive layer comprises amorphous silicon. 

A photoconductive layer mainly composed of amor- 
phous silicon can be formed on a conductive substrate 
by glow discharge, sputtering, ionic plating, vacuum 
evaporation, or the like film forming techniques. In 
particular, a plasma CVD method consisting of glow 
discharge decomposition of silane gases (e.g., SiflU) can 
produce a photoconductive layer including an adequate 
amount of hydrogen, which layer exhibits optimum 
characteristics for use in electrophotographic photore- 
ceptors, such as relatively high dark resistance and high 
photosensitivity. In carrying out plasma CVD, hydro- 
gen gas may be fed together with a silane gas into a 
plasma CVD apparatus to increase the efficiency of 
hydrogen inclusion. 

Examples of gases useful as a starting material to form 
amorphous silicon include silane gases, e.g., SiH^ 
S12H6, SbHg, and SUHio; and halogenosilane gases, e.g., 
SiCU, SiF*. SiHF 3 , S1H2F2, and SiH 3 F. 

If desired, the amorphous silicon photoconductive 
layer may further contain elements other than hydrogen 
and halogen atoms. For example, for the purpose of 
controlling dark resistance or charging polarity of the 
photoconductive layer, a dopant gas may be added to 
the starting material gas to dope the photoconductive 
layer with impurity elements belonging to Group III or 
Group V, e.g. f boron or phosphorus. Examples of useful 
dopant gases include B 2 H$, B4H10, BF3, BClj, PH 3 , 
P2H4, PF3, and PCI3. 

The photosensitive layer may further contain a car- 
bon atom, an oxygen atom, or a nitrogen atom for the 
purpose of increasing dark resistance, photosensitivity 
or chargeability (charging capacity or charge potential 
per unit film thickness). 

The photosensitive layer may furthermore contain 
germanium for the purpose of increasing sensitivity in 
the long wavelength region. Examples of germanium 
sources include GeH4, GeaH^ Ge3Hs, Getflio, GejHu, 
and GeF4> 

Incorporation of these various elements other than 
hydrogen into an amorphous silicon photoconductive 
layer can be achieved by introducing a silane gas as a 
main starting material together with a gaseous sub- 
stance containing the desired element into a plasma 
CVD apparatus to conduct glow discharge decomposi- 
tion. 

Conditions of glow discharge decomposition using, 
for instance, an alternating current are generally from 
0.1 to 30 MHz, and preferably from 5 to 20 MHz, in 
frequency; from 0.1 to 5 Torr (13.3 to 66.7 N/m 2 ) in 
degree of vacuum on discharge; and from 100* to 400* 
C, in substrate temperature. 

The thickness of the amorphous silicon photoconduc- 
tive layer is arbitrary but usually selected from 1 to 200 
p,m, and preferably from 10 to 100 jim. 

If desired, the electrophotographic photoreceptor 
according to the present invention may further com- 
prise an intermediate layer formed between the photo- 
conductive layer and the conductive substrate as shown 
in FIG. l-(c). The intermediate layer includes an insulat- 
ing layer made of, for example, P-type or N-type amor- 
phous silicon heavily doped with a Group III element 
or Group V element, respectively, according to the 
charging polarity of the photoreceptor, or SIN* SiO x , 
or SiC*. 
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The insulating layer can be formed in the same man- 
ner as for the above-described photoconductive layer. 
The insulating layer preferably has a thickness of from 
0.3 to 10 u,m . 

The surface layer of the electrophotographic photo- 
receptor according to the present invention comprises a 
polymer mainly composed of a siloxane bond and an 
imide bond or, in a preferred embodiment, the polymer 
having dispersed therein a conductive metal oxide fine 
powder. 

The polymer which can be used in the surface layer 
may be obtained by heat curing an amide acid mainly 
composed of siloxane which is characterized by its 
infrared absorption spectrum showing an absorption at 
around 1680 to 1700 cm- 1 which is assigned to an imide 
group and an absorption at around 1 100 cm- 1 which is 
assigned to a siloxane bond. 

The amide acid mainly composed of siloxane which 
can be used in the present invention preferably includes 
those represented by formula (I): 



metal oxides include zinc oxide, titanium oxide, tin ox* 
ide, antimony oxide, indium oxide, bismuth oxide, tin- 
""Hoped indium oxide, antimony-doped tin oxid e, and 
zirconium oxide. These metal oxide line powders may 
5 be used either singly or in combinations of two or more 
thereof. A combination of two or more of these pow- 
ders may be used in the form of a solid solution or a 
fused solid. 

The thickness of the surface layer is not particularly 
10 limited but should be selected so as to have sufficient 
mechanical strength for enabling a Carlson system. In 
general, the thickness is not more than 20 fim , and 
preferably from 0. 1 to 10 u,m . If it is greater than 20 pm 
, the residua] potential after exposure is too high. If it is 
15 less than 0.1 u-m , the characteristics of amorphous 
silicon photoreceptors cannot be manifested due to lack 
of mechanical strength. 

The surface layer serves not only as a charge block- 
ing layer for inhibiting charge injection from the surface 
20 portion of a photoconductive layer to the inside during 
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wherein R\, R2, R3, and R4 each represent an alkyl 
group having from 1 to 5 carbon atoms; R5, Re. and R7 
each represent an aryl group having from 6 to 18 carbon 
atoms; K% represents an alkylene group having from 1 to 35 
5 carbon atoms; nj, n3, and nj each represent an integer 
of from 1 to 100; and n2 and ru each represent an integer 
of from 0 to 100. 

The above-described amide acid mainly composed of 
siloxane can be obtained by hydrolyzing an alkoxysilane 40 
compound and an amide-containing alkoxysilane com- 
pound. The starting alkoxysilane compound includes 
Afunctional, Afunctional, or tetrafunctional alkoxysi- 
lane compounds having a methyl group, an ethyl group, 
a propyl group, an isopropyl group, a phenyl group, a 45 
methoxy group, an ethoxy group, etc. as functional 
groups. The alkoxysilane compound to be used is se- 
lected appropriately from the standpoint of desired 
characteristics of the cured film, such as hardness, adhe- 
sion, flexibility, and weather resistance. 50 

The surface layer can be formed by coating a coating 
composition on a photoconductive layer or an interme- 
diate layer by spray coating or dip coating, and then 
curing the coating at a temperature of from 100* to 300* 
C. for a period of from 1 to 24 hours. The coating com- 55 
position can be obtained by dissolving the above-men- 
tioned amide acid in a solvent with its viscosity being 
adjusted. 

As stated above, the polymer to be coated may have 
dispersed therein a conductive metal oxide fine powder 60 
by means of a ball mill, a sand mill, or an attritor. The 
conductive metal oxide.fme.ppwder preferably has an 
average partklesLzeof not more than 0.3 jim , and more 
preferably(grom 0.05 to 0.3 um^rt should be noted that 
\ the conduc&^ erm e ml - oriflem ie powder to be added 65 
must not cause coloring of the resulting surface layer 
which may adversely affect the spectral sensitivity of 
the photoreceptor. Examples of usable conductive 



a charging process but also as a surface protective layer 
for preventing oxidizing molecules commonly present 
in the environment, such as oxygen, steam, moisture 
and ozone (O3), from directly contacting with or being 
adsorbed onto the surface of the photoconductive layer. 
The surface layer also functions to protect the photo- 
conductive layer against external factors, such as appli- 
cation of stresses and adhesion of reactive chemical 
substances thereby preventing destruction of the char- 
acteristics of the photoconductive layer. 

The electrophotographic photoreceptor according to 
the present invention is used in a so-called Carlson sys- 
tem comprising the steps of charging and imagewise 
exposure. Therefore, the surface layer is required to 
have low insulating properties or have a controlled 
thickness so as to prevent accumulation of charges on 
the surface of the surface layer or in the inside. How- 
ever, if its conductivity is too high, charge transfer in 
the transverse direction is likely to occur causing blur- 
ring. If its conductivity is too low, charge accumulates 
causing fogging in images. Therefore, the conductivity 
of the surface layer should be controlled within an ap- 
propriate range. Further, the conductivity should be 
stable against external influences such as temperature 
and humidity. 

The surface layer used in the present invention which 
is formed of a polymer mainly composed of a siloxane 
bond and an imide bond fulfills the above-described 
functions with a small thickness without causing a re- 
duction in sensitivity or an increase in residual potential. 
Further, since it has a small refractive index, surface 
reflection is minimized, and therefore a sensitizing ef- 
fect is produced where the photoreceptor has a layer 
having a high refractive index, such as an amorphous 
silicon layer or a chalcogenide layer. Furthermore, the 
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polymer has a high curing temperature, which is ad van- The thickness of the intermediate layer usually ranges 
tageous for forming the surface layer on an amorphous from 0.05 to 10 jim , and preferably from 0.1 to 5 jim . 
silicon layer. If it is less than 0.05 /im , charge blocking properties are 

If desired, an intermediate layer may be provided reduced. If it exceeds 10 fxm , the residual potential 
between the surface layer and the photoconductive 5 increases, or the sensitivity is reduced, 
layer as shown in FIGS. l-(b) and (c). This intermediate The present invention is now illustrated in greater 
layer serves to lessen the influences of surface oxidation detail by way of Examples, but it should be understood 
on the surface layer and also to block charge injection that the present invention is not limited thereto. In the 
from the surface layer. following Examples all parts and the like are by weight 

The intermediate layer is preferably composed of at 10 unless otherwise indicated, 
least one layer mainly comprising hydrogen-containing 

amorphous silicon, amorphous silicon carbide, amor- EXAMPLE 1 

phous silicon nitride, amorphous silicon oxide, or amor- A cylindrical aluminum-substrate was mounted in a 
phous carbon. The intermediate layer is preferably capacitance-coupled plasma CVD apparatus, and a 
formed by plasma CVD from the viewpoint of adhesion 15 mixed gas consisting of silane gas ( SiH^, hydrogen gas, 
and productivity. and diborane gas (BiHe) was introduced into the reac- 

When the silicon intermediate layer is formed by tion chamber to conduct glow discharge decomposition 
plasma CVD, starting materials supplying silicon in- under the following conditions to thereby form an 
elude silane gases, e.g., SiH*. Si2He, Si(CH3 k SijHg, about 2 jim thick charge blocking layer on the sub- 
and SuHio; and halogenosilane gases, e.g., SiCU, 20 strate. 
SiHCh, and SiH2Cl2- Film Forming Conditions 

Starting materials supplying carbon for the formation 100% Silane Gas Flow Rate: 100 cmVrnin 
of an amorphous silicon carbide layer or an amorphous 100 ppm H2-diluted Diborane Gas Flow Rate: 200 
carbon layer include paraffinic hydrocarbons cmVmin 

(C n H2n+2)» e.g., methane, ethane, propane, butane, and 25 Inner Pressure of Reaction Chamber: 0.5 Torr 
pentane; olefinic hydrocarbons (C n H2n), e.g., ethylene, Discharge Power: 100 W 
propylene, butylene, and pentenc; acetylenic hydrocar- Discharge Frequency: 13.56 MHz 
bons (C rt H2n-2), e.g., acetylene, allylene, and butyne; Substrate Temperature: 250' C. 
alicyclic hydrocarbons, e.g., cyclopropane, cyclobu- (In all the examples and comparative examples hereinaf- 
tane, cyclopentane, cyclohexane, cycloheptane, cy- 30 ter described, the discharge frequency and substrate 
clobutyne, cyclopentene, and cyclohexene; and aro- temperature in plasma CVD were fixed at the above 
matic compounds, e.g., benzene, toluene, xylene, naph- values.) 

thalene, and anthracene. These hydrocarbons may be After completing the formation of the charge block- 
halogen-substituted hydrocarbons, e.g., carbon tetra- ing layer, the reaction chamber was thoroughly evacu- 
chloride, chloroform, carbon tetrafluoride, trifluorome- 35 ated, and a mixed gas consisting of silane gas (SiHi), 
thane, chlorotrifluoromethane, dichlorofluoromethane, hydrogen gas, and diborane gas (BzUe) was introduced 
bromotrifluoromethane, fluoroethane, and perfluoro- therein to conduct glow discharge decomposition under 
propane. the following conditions to thereby form an about 20 

Starting materials supplying nitrogen for the forma- u-ra thick photoconductive layer on the charge blocking 
tion of an amorphous silicon nitride layer include nitro- 40 layer, 
gen and nitrogen compounds in a gaseous form or in a Film Forming Conditions: 
form capable of vaporization, such as nitrogen (N 2 ), 100% Silane Gas Flow Rate: 200 cmVmin 
ammonia ( NHj ), hydrazine (H2NNH2), hydrogen 200% Hydrogen Gas Flow Rate: 180 cinVmin 
azide (HN3) and ammonium azide (NH4N3). 100 ppm H2-diluted Diborane Gas Flow Rate: 2 

Starting materials supplying oxygen for the formation 45 cmVmin 
of an amorphous silicon oxide include oxygen (O2), Inner Pressure of Reaction Chamber: 1.0 Torr 
ozone (O3), carbon monoxide (CO), carbon dioxide Discharge Power: 300 W 

(CO2), nitrogen monoxide (NO), nitrogen dioxide After completing the formation of the photoconduc- 
(NO2), nitrogen sesquioxide (JtiiOi), dinitrogen tetrox- tive layer, the reaction chamber was thoroughly evalu- 
ide (N2O4), nitrogen hemipentoxide (N2O5), nitrogen 50 ated. On the photoconductive layer was then formed an 
trioxide (NO3), tetramethoxysilane (Si(OCHj) 4 ), and about 0.3 fim thick first intermediate layer by glow 
tetraethoxysilane (Si(OC2Hs)4). discharge decomposition of a mixed gas consisting of 

The above-mentioned starting materials may be gase- silane gas, hydrogen gas, and ammonia gas under the 
ous, solid or liquid at room temperature. Solid or liquid following conditions, 
starting materials are vaporized prior to feeding them 55 Film Forming Conditions: 
into a reaction chamber. 100% Silane Gas Flow Rate: 30 cmVmin 

The intermediate layer may have a single layer struc- 100% Hydrogen Gas Flow Rate: 200 cmVcm 
ture or a laminate structure composed of two or more 100% Ammonia Gas Flow Rate: 30 cmVmin 
layers containing different elements. The element distri- Inner Pressure of Reaction Chamber: 0.5 Torr 
bution in the intermediate layer may be either uniform 60 Discharge Power: 50 W 

or non-uniform. In the latter case, the composition may After completing the formation of the first intermedin 
be changed continuously or discontinuously. ate layer, the reaction chamber was thoroughly evacu- 

Conditions of plasma CVD for the formation of the ated. A mixed gas consisting of silane gas, hydrogen 
intermediate layer using, for instance, an alternating gas, and ammonia gas was then introduced therein to 
current are generally from 0.1 to 30 MHz, and prefera- 65 conduct glow discharge decomposition under the fol- 
bly from 5 to 20 MHz, in frequency; from 0. 1 to 5 Tort lowing conditions to form an about 0. 1 p,m thick second 
( 13.3 to 66.7 N/m 2 ) in degree of vacuum on discharge; intermediate layer on the first intermediate layer, 
and from 100* to 400* C, in substrate temperature. Film Forming Conditions: 



12/13/04, EAST version: 2.0.1.4 



5,324,609 



100% Silane Gas Flow Rate: 17 cmVmin 
100% Hydrogen Gas Flow Rate; 200 cmVcm 
100% Ammonia Gas Flow Rate: 43 cmVmin 
Inner Pressure of Reaction Chamber: 0.5 Torr 
Discharge Power: 50 W 

Finally, a coating composition of an amide acid 
mainly composed of siloxane represented by the follow- 
ing formula dissolved in methyl cellosolve with its vis- 
cosity being adjusted was spray coated on the second 
intermediate layer and cured at 190* C. for 2 hours to 
form a surface layer having a thickness of O.S /im as 
measured with a surface roughness meter. 



10 



10 



produced by dispersing the materials in a glass-made 
ball mill at 15° C. for 50 hours. The coating composition 
was adjusted in viscosity and spray coated on the sec- 
ond intermediate layer, followed by curing at 190* C. 
for 2 hours to form a 1 /im thick surface layer. 

The IR spectrum determined in the same manner as in 
Example 1 was substantially equal to that of a Aim con- 
taining no tin oxide/antimony oxide powder, clearly 
indicating an imide bond at 1700 cm -1 and a siloxane 
bond at 1100 cm- 1 . The Vickers hardness as deter- 
mined in the same manner as in Example 1 was 500. 
Further, the polymer film had a contact angle with 
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The same coating composition for the surface layer 
was also spray coated on a silicon wafer and cured in 
the same manner as described above to determine its IR 
spectrum and Vickers hardness. The IR spectrum is 
shown in FIG. 2. The spectrum clearly reveals an ab- 
sorption at 1700 cm~ 1 assigned to an imide bond and an 
absorption at 1100 cm- 1 assigned to a siloxane bond. 
The peak assigned to an imide bond was not observed 
before the curing reaction. The layer formed on the 
silicon wafer had a Vickers hardness of 900, which is 
comparable to the hardness of an amorphous silicon 
fdm. 

The resulting electrophotographic photoreceptor 
had a residual potential of 100 V. 

The electrophotographic photoreceptor was set in an 
electrophotographic copying machine ("FX 5990" 
manufactured by Fuji Zerox Co., Ltd.), and copying 
was carried out under an environmental condition of 
10° C. and 1 5% RH (relative humidity), 20* C. and 50% 
RH, or 30* C and 85% RH. 

As a result, copies obtained both in the initial stage 
and after obtaining 20,000 copies exhibited no blurring 
under any of the above three environmental conditions. 
Copying was further continued under the condition of 
30* C. and 85% RH to obtain an additional 300,000 
copies. As a result, neither blurring nor fogging was 
observed 

EXAMPLE 2 

An amorphous silicon photoreceptor was prepared in 
the same manner as in Example 1, except that a surface 
layer was formed as follows. 

A coating composition composed of 6 parts of anti- 
mony oxide-doped tin oxide powder (antimony oxide 
content: 15% by weight) having an average particle size 
of 0.3 jim or less, 14 parts of the same amide acid as used 
in Example 1, and 80 parts of methyl cellosolve was 



30 



35 



respect to water of 85*. 

The resulting electrophotographic photoreceptor 
had a residual potential of 50 V. 

When the photoreceptor was mounted on a semi-con- 
ductor laser printer ("XP-9" manufactured by Fuji 
Xerox Co., Ltd. ), and printing was carried out, high 
quality images free from a Moire fringe were obtained. 

The photoreceptor was also evaluated on an electro- 
photographic copying machine "FX 5990" under the 
same conditions as in Example 1. As a result, copies 
obtained both in the initial stage and after obtaining 
40 20,000 copies exhibited no blurring under any of the 
same three environmental conditions as in Example 1. 
Copying was further continued under the condition of 
30* C. and 85% RH to obtain an additional 300,000 
copies. As a result, neither blurring nor fog developed. 
Further, when solid images were obtained without ex- 
posure, there were observed only two white spots of 0.2 
mm or smaller on the area corresponding to the entire 
surface of the photoreceptor. 
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EXAMPLE 3 



An amorphous silicon photoreceptor was prepared in 
the same manner as in Example 1, except that a surface 
layer was formed as follows. A coating composition 
composed of 6 parts of antimony oxide-doped tin oxide 
55 powder (antimony oxide content: 15% by weight) hav- 
ing an average particle size of 0.3 um or less, 14 parts of 
an amide acid mainly comprising siloxane represented 
by the formula shown below, and 80 parts of methyl 
cellosolve was produced by dispersing the materials in a 
go glass-made ball mill at 15* C. for 50 hours. The coating 
composition was adjusted in viscosity and spray coated 
on the second intermediate layer, followed by curing at 
190* C. for 2 hours to form a 1 u.m thick surface layer. 
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The IR spectrum and rickets hardness were deter- 
mined in the same manner as in Example 1. The IR 
spectrum was substantially equal to that of a film con- 15 
taming no tin oxide/antimony oxide powder, clearly 
indicating an imide bond at 1700 cm- 1 and a siloxane 
bond at 1100 cm- 1 . The Vickers hardness was 700. 
Further, the polymer film had a contact angle with 
respect to water of 90\ 

The resulting electrophotographic photoreceptor 
had a residual potential of 50 V. 

When the photoreceptor was mounted on a semi-con- 
ductor laser printer "XP-9", and printing was carried 
on, high quality images free from a Moire fringe were 25 
obtained. 

The photoreceptor was also evaluated on an electro- 
photographic copying machine "FX 5990" under the 
same conditions as in Example 1. As a result, copies 
obtained both in the initial stage and after obtaining 30 
20,000 copies exhibited no blurring under any of the 
same three environmental conditions as in Example 1. 
Copying was further continued under the condition of 



ies exhibited no blurring under any of the three environ* 
mental conditions. Copying was further continued 
under the condition of 30° C. and 85% RH to obtain an 
additional 300,000 copies. As a result, neither blurring 
nor fogging developed. 

EXAMPLE 5 

An amorphous silicon photoreceptor was prepared in 
the same manner as in Example 1, except that a surface 
layer was formed as follows. 

A coating composition composed of 6 parts of anti- 
mony oxide-doped tin oxide powder (antimony oxide 
content: 15% by weight) having an average particle size 
of 0.3 ftm or less, 14 parts of an amide acid mainly 
comprising siloxane represented by the formula shown 
below, and 80 parts of methyl cellosolve was produced 
by dispersing the materials in a glass-made ball mill at 
15° C. for 50 hours. The coating composition's viscosity 
was adjusted and it was then spray coated on the second 
intermediate layer, followed by curing at 190° C. for 2 
hours to form a 1 urn thick surface layer. 
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30" C. and 85% RH to obtain an additional 300,000 
copies. As a result, neither blurring nor fogging was 
observed. Further, when solid images were obtained 50 
without exposure, no white spots of 0.2 mm or smaller 
were observed on the area corresponding to the entire 
surface of the photoreceptor. 

EXAMPLE 4 55 

An amorphous silicon photoreceptor was prepared in 
the same manner as in Example 3, except that the first 
and second intermediate layers were replaced with a 
single intermediate layer formed by plasma CVD under 
the following conditions. 60 
Film Forming Conditions: 

100% Ethylene Gas Flow Rate: 20 seem 
Inner Pressure of Reaction Chamber: 0.5 Ton- 
Discharge Power: 200 W 

The photoreceptor was evaluated on an electropho- 65 
tographic copying machine "FX 5990" under the same 
conditions as in Example 1. As a result, copies obtained 
both in the initial stage and after obtaining 100,000 cop- 



The IR spectrum and Vickers hardness were deter- 
mined in the same manner as in Example 1. The IR 
spectrum was substantially equal to that of a film con* 
taming no tin oxide/antimony oxide powder, clearly 
indicating an imide bond at 1700 cm~ ] and a siloxane 
bond at 1100 cm- 1 . The rickets hardness was 700. Fur- 
ther, the polymer film had a contact angle with respect 
to water of 80*. 

The resulting electrophotographic photoreceptor 
had a residual potential of 50 V. 

When the photoreceptor was mounted on a semi-con- 
ductor laser printer "XP-9", and printing was carried 
out, high quality images free from a Moire' fringe were 
obtained. 

The photoreceptor was also evaluated on an electro- 
photographic copying machine "FX 5990" under the 
same conditions as in Example 1. As a result, copies 
obtained both in the initial stage and after obtaining 
20,000 copies exhibited no blurring under any of the 
same three environmental conditions as in Example 1. 
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Copying was further continued under the condition of served on the area corresponding to the entire surface 

30* C. and 85% RH to obtain an additional 300,000 of the photoreceptor. 

copies. As a result* neither blurring nor fog developed. While a conventional amorphous silicon electropho- 
Further, when solid images were obtained without ex- tographic photoreceptor having on the surface thereof 
posure, there was observed only one white spot of 0.2 5 a layer mainly composed of amorphous silicon, amor- 
mm or smaller on the area corresponding to the entire phous silicon nitride, amorphous silicon oxide, or amor- 
surface of the photoreceptor. phous carbon has various disadvantages as previously 
iupt p £ stated, the surface layer according to the present inven- 
EXAMPLE 6 ^ 0|1) w hi c ij comprises a polymer mainly composed of a 

An amorphous silicon photoreceptor was prepared in 10 siloxane bond and an imide bond, eliminates such disad- 

the same manner as in Example 1, except that a surface vantages without impairing the characteristics pos- 

layer was formed as follows. sessed by an amorphous silicon photoreceptor. The 

A coating composition composed of 6 parts of anti- present invention thus provides an electrophotographic 

mony oxide-doped tin oxide powder (antimony oxide photoreceptor which develops no image blurring on 

content: 15% by weight) having an average particle size 15 long-term use, which has a low residual potential, 

of 0.3 pm or less, 14 parts of an amide acid mainly which is excellent in abrasion resistance and durability, 

comprising siloxane represented by the formula shown and which causes no image defects, such as white spots, 

below, and 80 parts of methyl cellosolve was produced black spots, and white streaks, even on long-term use. 

by dispersing the materials in a glass-made ball mill at Additionally, the electrophotographic photoreceptor 

15* C for 50 hours. The coating composition's viscosity 20 of the present invention can be applied to printers using 

was adjusted and it was then spray coated on the second coherent light, e.g., an infrared semi-conductor laser 

intermediate layer, followed by curing at 190° C. for 2 ray, to obtain high quality images free from an interfer- 

hours to form a 1 fim thick surface layer. ence fringe called Moir£. 



Amide Acid: 



CH 3 



CH3-O- 




The IR spectrum and Vickers hardness were deter- 
mined in the same manner as in Example 1. The IR 45 
spectrum was substantially equal to that of a film con- 
taining no tin oxide/antimony oxide powder, clearly 
indicating an imide bond at 1700 cm - 1 and a siloxane 
bond at 1 100 cm- K The rickets hardness was 600. Fur- 
ther, the polymer film had a contact angle with respect 50 
to water of 90°. 

The resulting electrophotographic photoreceptor 
bad a residual potential of 50 V. 

When the photoreceptor was mounted on a semi-con- 
ductor laser printer "XP-9", and printing was carried 55 
out, high quality images free from a Moire* fringe were 
obtained. 

The photoreceptor was also evaluated on an electro- 
photographic copying machine "FX 5990" under the 
same conditions as in Example 1. As a result, copies 60 
obtained both in the initial stage and after obtaining 
20,000 copies showed no blurrings under any of the 
same three environmental conditions as in Example 1. 
Copying was further continued under the condition of 
30' C. and 85% RH to obtain an additional 300,000 65 
copies. As a result, neither blurring nor fog developed. 
Further, when solid images were obtained without ex- 
posure, no white spots of 0.2 mm or smaller were ob- 



While the invention has been described in detail and 
with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes 
and modifications can be made therein without depart- 
ing from the spirit and scope thereof. 

What is claimed is: 

1. An electrophotographic photoreceptor comprising 
a conductive substrate, a photoconductive layer formed 
on said substrate, and a surface layer formed on said 
photoconductive layer, said surface layer comprising a 
polymer mainly composed of a siloxane bond and an 
imide bond. 

2. An electrophotographic photoreceptor as claimed 
in claim t, wherein said photoconductive layer com- 
prises amorphous silicon containing a hydrogen atom, a 
halogen atom, or a hydrogen atom and a halogen atom. 

3. An electrophotographic photoreceptor as claimed 
in claim 1, wherein said surface layer further comprises 
a conductive metal oxide powder dispersed in said poly- 
mer. 

4. An electrophotographic photoreceptor as claimed 
in claim 1, wherein said photoreceptor further com- 
prises an intermediate layer formed between said photo- 
conductive layer and said surface layer. 

5. An electrophotographic photoreceptor as claimed 
in claim 1, wherein said polymer is obtained by curing 
an amide acid represented by formula (I): 
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wherein Ri, R2, R3, and R4 each represent an alky] 
group having from 1 to 5 carbon atoms; R5, R& and R7 



imide bond, said polymer being obtained by curing an 
amide acid represented by formula (I): 
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each represent an aryl group having from 6 to 1 8 carbon 
atoms; R$ represents an alkylene group having from 1 to 
5 carbon atoms; ni, nj, and ns each represent an integer 
of from 1 to 100; and n2and 114 each represent an integer 
of from 0 to 100. 

6. An electrophotographic photoreceptor as claimed 
in claim 1, wherein said surface layer has a thickness of 
from about 0.1 fxm to about 10 u,m. 

7. An amorphous silicon electrophotographic photo- 
receptor comprising a conductive substrate, a photo- 
conductive layer comprising amorphous silicon formed 
on said substrate, and a surface layer formed on said 
photoconductive layer, said surface layer comprising a 
polymer mainly composed of a siloxane bond and an 
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wherein Ri, R2, R3 and R4 each represent an alkyl 
group having from 1 to 5 carbon atoms; R5, R$ and R7 
each represent an aryl group having from 6 to 18 carbon 
atoms; Rg represents an alkylene group having form 1 to 
5 carbon atoms; ni, n3 and ns each represent an integer 
of from 1 to 100; and n 2 and iu each represent an integer 
of from 0 to 100. 

8. An amorphous silicon electrophotographic photo- 
receptor as claimed in claim 7, wherein said amorphous 
silicon contains a hydrogen atom, a halogen atom, or a 
hydrogen atom and a halogen atom. 

9. An amorphous silicon electrophotographic photo- 
receptor as claimed in claim 7, wherein said surface 
layer further comprises a conductive metal oxide pow- 
der dispersed in said polymer. 
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